Hypothesis: Anastomotic leaks following elective colorectal resections increase morbidity, mortality, and the need for additional interventions. An accurate understanding of risk factors would potentially reduce anastomotic leaks and/or allow appropriate selection of patients for diverting stomas.
A NASTOMOTIC LEAKS ARE recognized as the primary morbidity in colorectal surgery, often requiring diversion of the gastrointestinal tract and causing longer hospitalizations and increased mortality. 1, 2 The more frequent recurrence of colorectal carcinoma associated with anastomotic leaks is less appreciated. 3, 4 We report an analysis of risk factors associated with leaks after colorectal surgery based on outcome data collected from a large, multicenter, prospective clinical trial. Understanding patient and operative characteristics may lead to reduction in the frequency of anastomotic leaks through improvement in risk status or more appropriate selection of patients for diverting stomas.
Anastomotic leaks after elective colorectal resection reportedly occur in 4% to 9% of patients. [5] [6] [7] Few patient series, however, have had prospective collection of detailed clinical data and some rely on retrospective analysis of commercially oriented databases that may not provide leak rates. 8 With the increasing prevalence of laparoscopic colectomy, it may be useful to establish a contemporary benchmark for leak rates in open surgery against which the occurrence of leaks after laparoscopic colectomy could be compared.
METHODS
We prospectively analyzed risk factors for anastomotic leaks in elective colon resections. Patients were recruited from a large, multicenter study that was designed as a trial of perioperative antimicrobial drugs in elective open colorectal resections. The trial was a randomized, double-blind comparison of intravenous antimicrobial prophylaxis (2 g of cefotetan vs 1 g of ertapenem) given as a single dose within 1 hour before surgery. No oral antimicrobials were given preoperatively. A detailed description of the methods and results of this study with regard to infection outcomes has been published previously. 9 The study demonstrated a decreased incidence of postoperative surgical infections after 4 weeks of follow-up in patients who received ertapenem.
Of the 1002 randomized patients, 901 qualified for the modified intention-to-treat population and 672 were included in the evaluable population. To qualify, the patient was required to have undergone electively scheduled open colorectal surgery with completion of standard bowel preparation (sodium phosphate or polyethylene glycol) and received a complete dose of study medication. The antimicrobial drug must have been administered within 2 hours of incision and 6 hours of surgical closure. Patients were considered unevaluable if they were treated with delayed primary closure, developed a distant site infection, violated the 4-week follow-up, received prior antibiotic therapy, or had a study therapy dosing window violation. Patients were excluded because of a failure to meet surgical definition (n=40), a bowel preparation violation (n=8), a failure to meet follow-up guidelines (n=27), a distant site infection (n=67), a prior antibiotic violation (n=63), a study therapy dose violation (n=69), and/or other causes (n=14). Patients were recruited from 51 sites within the United States from May 2002 through March 2005. Each site obtained local institutional review board approval and informed consent from each patient. Anastomotic leaks were analyzed only in the 672 patients who were in the evaluable population. Patients were assessed for multiple clinical and laboratory parameters during their hospital stay and were observed for 4 weeks after treatment. Patients were examined for signs of infection at the surgical and other sites. Anastomotic leaks were diagnosed if sepsis was present. Evidence of the leak was confirmed radiologically. 10 Subsequent treatment of anastomotic leaks was left to the judgment of the operating surgeon. Patients were older than 18 years. All operations were elective open colorectal resections. Laparoscopic and emergency colorectal operations were excluded. Elective colorectal procedures for revision of previous surgery (eg, colostomy closure or revision) and isolated rectal procedures were also excluded from the analysis.
We examined 20 variables in univariate and multivariate analyses. Patient characteristics ( Table 2 ) comprised whether the procedure included rectal resection, indications for surgery, type of bowel preparation, whether the procedure required protective stoma or placement of drain, surgical duration, and whether gross spillage was encountered. Resections were not divided between right and left but whether or not they included the rectum. All patients received mechanical bowel preparation. No oral antibiotics were given with the bowel preparation. The decision to construct a protective colostomy or ileostomy or to place a drain was at the surgeon's judgment.
Anastomotic leaks were suspected in patients who exhibited clinical signs of infection, including increasing pain, fever, tachycardia, and a distended abdomen. Anastomotic leaks were diagnosed by using evidence of fecal contamination draining externally or with imaging. Computed tomography was most frequently used, though a water-soluble contrast enema could also be used. A fluid collection adjacent to the anastomoses associated with extraluminal contrast confirmed anastomotic leaks on imaging studies.
RESULTS
Demographic characteristics were typical for patients undergoing colorectal surgery in North America. Mean patient age was 61 (SD, 14) years; 54% were male; and 77% were white. Half of the patients were tobacco users. Obesity was evident in 29% of our patients. Patients had evidence of malnutrition and chronic disease, demonstrated by albumin levels less than 3.5 g/dL (21%). Five percent of our patients were taking steroids at the time of surgery. Concomitant medical conditions included diabetes (18%), renal insufficiency (1.3%), and chronic obstructive pulmonary disease (6%).
Rectal resection was required in 23% of our patients. However, we did not differentiate between left and right colon resections. Colon and rectal cancers were the most frequent indications for operation (47% and 17%, respectively), followed by diverticulitis (11%) and benign colonic neoplasm (9%). All patients underwent mechani- cal bowel preparation, with 45% receiving polyethylene glycol and the remainder receiving sodium phosphate. Patients did not receive oral antibiotics as part of their preparation. Protective colostomy or ileostomy was constructed in 17% of our patients and drains were placed in 27%. Inadvertent spillage occurred in 2.7% of the operations. Mean operative duration was 133 minutes. There were 24 anastomotic leaks in 672 patients (3.6%). Of the 10 deaths (1.5%), 1 was associated with an anastomotic leak (10%). Patients who received ertapenem had a lower, but not statistically significant, leak rate compared with those who received cefotetan (3% and 4.2%, respectively) ( Table 3 
COMMENTS
Anastomotic leaks occurred in 3.6% of 672 patients after elective colorectal resection. This is within the range of prior series (2%-8%).
11-15 Our patients were prospectively studied, and surgeons were asked to report evidence of anastomotic leaks based on clinical and radiological findings. Specific patient characteristics were collected, and follow-up was standardized so that all patients were examined at regular intervals during their hospital stay until 4 weeks after their operation. Since patients were recruited in 51 sites within the United States, this incidence of anastomotic leaks likely represents a reliable benchmark for this outcome in North America.
In the multivariate analysis, low serum albumin level (Ͻ3.5 g/dL) and male sex were significantly associated with anastomotic leaks. New Zealander surgeons have also confirmed male sex as a risk factor. 16 We did not find other significant characteristics that led to leaks, eg, diabetes, tobacco use, alcohol use, duration of surgery, intraoperative fecal spillage, duration of operation, blood transfusion, or rectal anastomoses. Several of these characteristics, however, are associated with postoperative infection. 17, 18 Such patient and operative characteristics may serve as a guide to the surgeon as to whether he or she should construct a protective stoma. Construction of a protective stoma relies on the surgeon's experience, particularly his or her ability to judge blood supply adequacy and perform a sound anastomosis in an adverse anatomic situation. We present our findings as additional data not only to guide the surgeon in operative decisions but also to aid in counseling patients regarding the likelihood of undergoing protective diversion. Men who were malnourished (serum albumin level Ͻ3.5 g/dL) or were taking steroids long-term had a higher risk for leaks in our series; they should be told of this risk preoperatively and would benefit most from construction of a protective stoma.
Contrary to prior studies, we did not find anastomoses to the rectum to be more significantly associated with postoperative leaks. Several authors report an increased risk as high as 11%, particularly with low anastomoses (Ͻ8 cm from anal verge) and with preoperative chemoradiation. 19 Our data did not specify exact level of rectal anastomoses, possibly leading us to miss this association. Furthermore, some studies have described different leak rates in right and left colon resections. Right colon resections are usually less demanding technically; therefore, lower associated leak rates would be expected. For example, Veyrie et al 5 report leak rates for right colectomies of 1.35% vs 5.20% for left colon resections. Subclinical leaks have been described in colorectal surgery, exist in a higher percentage of patients, and have been found in 14% of patients who are followed up for evidence of radiological leakage. 20 Minor clinical anastomotic leaks can also affect patient outcomes, though our study was not designed to detect minor leaks. 21 The anastomotic leak rate in this study may serve as a benchmark against which the rate in laparoscopic colorectal resections may be compared. Large series of laparoscopic colorectal resections and their associations with anastomotic leaks have been published, but there are few compared with studies of open surgical resections. [22] [23] [24] We expect the same patient and operative characteristics that are significantly associated with a leak after an open operation to be similarly associated with leaks in laparoscopic surgery. The laparoscopic approach to colorectal surgery has not been as universally adopted as operations like cholecystectomy and fundoplication.
Although each patient received a polyethylene glycol or sodium phosphate mechanical bowel preparation, preoperative nonabsorbable oral antibiotics were not given in this trial. Despite absence of oral antibiotics, our anastomotic leak rate was not different from those published in prior work. Also, there was no association between bowel preparation and leak rates. Prior studies indicate that there may be no significant benefits of using bowel preparation; however, we have recently published data that suggest that bowel preparation may reduce surgical site infections. [25] [26] [27] Accepted for Publication: May 22, 2008 8. Meta-analysis has shown that surgical drains are not necessary or beneficial in elective colorectal surgery. Can the authors comment on the use of drains on this study? Dr Wilson: Gender, of course, makes a difference, as has also been observed by the New Zealand group. The narrow male pelvis makes a low anastomosis more technically difficult and therefore leak more likely.
With regard to the dose of prednisone, in clinical trials of antimicrobials for surgical infection, patients with a 15 mg per day dose or higher are often excluded on the basis of a presumed immunosuppressive effect on outcome. I do not think you should have a hard and fast rule because other factors weigh in, such as nutrition, anatomical difficulty, blood supply, and the inflammatory nature of the process.
I take serum albumin into consideration in 2 ways. One, it may be an opportunity to nutritionally improve the patient preoperatively for an elective operation; and second, a low serum albumin can help make an intraoperative decision with regard to diversion more objective.
Concerning level of anastomosis, we recognize that leak rates have been reported as much as 4 times higher after low anterior resection than after right colon resection. Often, reports divide leak rates into left colon vs right colon resection so you do not actually know where the level of resection is. For the purposes of this data collection, we decided to analyze by colocolostomy vs colorectal anastomosis, and, as you point out, there was no difference in leak rates.
The 10 deaths in the 672 patients (1.5%) were: 3 patients had respiratory failure, 3 had cardiac deaths, 1 pulmonary embolus, 1 small-bowel obstruction with complications, 1 aspiration pneumonia, and, somewhat surprisingly, only 1 death due to leak. The percentage of patients who had operations for causes other than cancer or diverticulitis was approximately 15% and included patients with polypoid lesions, rectal prolapse, recurrent volvulus, stricture, and other causes.
We did not recognize clinically detectable leaks in the 17% of our patients who had an ileostomy or colostomy for diversion; however, it is quite possible there were "subclinical" leaks. In fact, some surgeons suggest that the postoperative "subclinical" leak rate is actually twice that clinically appreciated. Approximately 30% of our patients had drains placed, but we did not find a difference in leak rate or, for that matter, a difference in infection rates with drains.
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